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 The history of Science is a 
history of tensions between 
theoretical predictions and 
observations

 Astrophysics and Cosmology 
have become precision sciences 
with an incredibly huge amount 
of data  

 New Tensions appear. 
  Are we approaching New 

Physics? 
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    History of Science - History of Tensions



 Mercury periliheimum - 1859

• The true orbits of planets, even if seen from the SUN 
are not ellipses. They are rather curves of this type:

For the planet Mercury it is

This angle is the 
perihelin advance, 
predicted by G.R.
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Michelson–Morley experiment - 
1887
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The Theory of Relativity

S= 1
16 πG∫ d4 x √−g [R−2 Λ ]+∫d 4 xLm (gμν ,ψ )

⇒Rμν−
1
2
gμνR+g μν Λ=8 πGT μν

T μν≡
2

√−g

δLm
δgμν



60 years of tension
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Modified Gravity before General 
Relativity

 Modifications to Newton's Law 
 Inverse Cube Law. 
 Extended Inverse-Square Law (Simon Newcomb -

1880’s) 
 Lord Kelvin - theory of everything (end of 19th 

century)
 Hendrik Lorentz: gravity on the basis of his ether 

theory and Maxwell's equations. (1900) 
 Nordström's theory of gravitation (1912 and 1913) 
 Einstein's scalar theory of gravity (1913) 





Summary of 20th century Observations

 



 

Astrophysics and Cosmology
       in the 21st century



So what do 
these new 

observations 
tell us?



 

   H0 tension
 The Universe expands faster than 

expected!



 S8 Tension 
 “Less” Matter clustering than expected! 



Too many galaxies too early!

    James Webb space telescope



   Cosmic dipole tension!



The lensing anomaly



  DESI2 DATA and QUINTOM BEHAVIOR







Are we approaching a Revolution in 
Physics?

Knowledge of Physics: Standard Model + General 
Relativity

E.N.Saridakis – SEMFE, NTUA, March 2016

 



    So can our knowledge of Physics describes all 
these?

          NO!      We need new physics!
 

Are we approaching a Revolution in 
Physics?



                  We need to modify something:

     

    The universe content
                     or   
    The theory of Gravity



 

New particles/interactions
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Modified Gravity



Standard Model vs General Relativity
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          General Relativity
Assumptions and Considerations

                      

   


 ,2
16

1 44 gLxdRgxd
G

S m 

 Diffeomorphism invariance
 Spacetime dimensionality=4 
 Geometry=Curvature   (connection=Levi Civita)
 Linear in Ricci scalar
 Metric compatibility  (zero non-metricity)
 Minimal matter coupling
 Equivalence principle
 Lorentz invariance
 Locality



“Those that do not know geometry are not allowed to 
enter”. 
                 Front Door of Plato’s Academy
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Descriptions of Gravity
 Einstein 1916: General Relativity: 
   energy-momentum source of spacetime 

Curvature
   Levi-Civita connection: Zero Torsion

 Einstein 1928: Teleparallel Equivalent of GR:

    Weitzenbock connection: Zero Curvature

   [Cai, Capozziello, De Laurentis, Saridakis, Rept.Prog.Phys. 79] 





 Metric-Affine Modified Gravity







Solving H0 and S8 tensions in f(T) 
Gravity 

[S-F Yan, P. Zhang, J-W Chen, X_Z Zhang, Y-F Cai, E.N. Saridakis, PRD 101]

[J-W Chen,  W. Luo, Y-F Cai, E.N. Saridakis, PRD 102]



  Modified gravity realizations of Quintom 
                       after DESI DR2

   

    [Y. Yang, X. Ren ,Q. Wang, Z.Lu, D. zhang, YF. Cai, E. N. Saridakis.  Sci.Bull. 69 (2024)]

    [Y. Yang, Q. Wang,X. Ren, E. N. Saridakis. YF. Cai, 2504.06784 [astro-ph.CO]]

 [Z-K Guo, Y-S Piao, X-M Zhang, Y-Z Zhang, Phys.Lett.B 608 (2005)]



f(Q) gravity



   

f(Q) cosmology



Solving the tensions in f(Q) 
gravity

[F. Anagnostopoulos, S. Basilakos, E.N.Saridakis, JCAP 2019]

[S. Peirone, G. Benevento, N. Frusciante, S. Tsujikawa, PRD 100]



   

Testing GR and Modified 
Gravity

 

 

 

 Solar-System data
 Galaxy data
 Galaxy-cluster data
 Cosmological data (SNIa, BAO,CMB,CC, LSS)
 Early Universe (Inflation, Baryogenesis, BBN)

 Black-Hole-shadow data
 Gravitational-wave data 
(multi-messenger astronomy)
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Gravitational waves
 GW150914: Two black holes with                                  

 

 

 

   [Abbott et al, LIGO Virgo PRL 116] 

2017 Nobel Price in Physics
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Gravitational waves
 An immediate result: The speed of GWs is equal to the speed of 

light! 
     GW170817 time delay                         constrains:

 Excludes a large number of theories that were consistent with other 
data!

 

 

 

   [Ezquiaga, Zumalacarregui  PRL 119] 
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Gravitational waves
 For tensor perturbations: 

   
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Gravitational waves
 Polarizations: 
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Gravitational waves in modified gravity

 Testing General Relativity, modified gravities, and various cosmological 
scenarios.

 The GWs properties at emission and detection are determined by them.

 Examples: f(T), f(R), f(Q), etc

 

 

 

 

[Cai, Li, Saridakis, Xue PRD97]

[Farrugia, Said, Gakis, Saridakis, PRD97]

[Li, Cai, Cai, Saridakis, JCAP 1810]
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Gravitational Waves in
Modified Teleparallel Theories

  

  

 

 

 

[Farrugia, Said, Gakis, Saridakis, PRD 97]
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Gravitational waves and Modified 
Gravity
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         5000 years of observations
 500 years of organized observations



 

We are approaching a Revolution!

EM observations: 400 years                   GW observations: 10 years       
       

 

 

 



 

We are approaching a Revolution!

EM observations: 400 years                   GW observations: 10 years       
       

 

 

 

Thank you!
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